ABSTRAK
INTRODUCTION
Vector-borne diseases such as Dengue, Chikungunya, Malaria are still important public health problems, particularly in tropical countries, including Indonesia. Currently, prevention and control efforts of mosquitoborne diseases are more relying on reducing mosquito populations as the vector of the diseases. 1 Several methods of mosquito control which available are chemical, biological, genetic, environmental manipulation and integrated methods. 2, 3, 4 For chemical control, several groups of synthetic insecticides which used against mosquitoes such as carbamates, pyrethrin, and fumigant. However, chemical control has negative effects on human health and the environment and also induce insecticide resistance. 5 It urgently needs to find alternative approaches to minimize the negative effect of synthetic insecticides. One alternative method is using natural insecticide from plant extracts. Previous research revealed the potential of several plants extracts as mosquito larvacides. 6 .The advantage of using natural insecticides from plant extract is safe, biodegradable, target specific, eco-friendly in nature and had less chance of developing insecticide resistance. 7 Phytochemicals from plant extracts are inexpensive and available in large number in many parts of the world. The compound of phytochemicals from plant extracts which could act as larvacidal such as cyanide, saponins, tannins, flavonoids, alkaloids, steroids and essential oils. 8 Several research results have shown that certain plants can be used as natural insecticides. 9, 10 Plants that have been proven as insecticides are plants from the family of Zingiberaceae including ginger rhizomes, galangal rhizomes, and turmeric rhizomes. Previous research also reveals the potency of Zingiberaceae plants such as Zingiber cassumunar, Z. ottensii, Z. zerumbet oil as pupacidal against Aedes aegypti and Culex quinquefasciatus. 11 However, one of the species from Zingiberaceae-Zingiber montanum is under-explored. Information about the potency of this species as larvacide is still very limited.
Zingiber montanum or in Indonesia called Bangle is a plant derived from the family of Zingiberaceae which has chemical constituents similar to ginger and turmeric. This plant is a perennial aromatic herb with a characteristic in bright yellow, fleshy, and bitter tasting. 12 Zingiber montanum contains chemical compounds such as saponins, flavonoids, essential oils, alkaloids, tannins, and glycosides, resin and starch. The essential oil content of bangle rhizome includes sabinen, β-pinen, α-terpinen, osimen, terpinen-4-ol, and α-zingiberen. 13 Bangle rhizome is easily available at economical prices in several parts of Asian countries. Previously, Bangle rhizome is used for medicinal purposes, such as treating fever, headache, coughing up, phlegm, colds, constipation, jaundice, intestinal worms, rheumatism, herbal concoctions in women after childbirth, shrinking the stomach after childbirth and obesity. 14 Exploration of Bangle rhizome potency as larvacide is never had been done before. The chemical compound in Bangle rhizome, such as flavonoid could have a toxic effect on mosquito, while alkaloids could act as stomach poisons and can degrade cell membranes and interfere with the larval nerve work system. 15 Saponin compound could interfere with the digestive system of Aedes aegypti larvae. Since the information about the potential of rhizome bangle is very limited, in this study we eager to conduct quasi-experimental research to determine the killing power of the rhizome bangle extract to Ae. aegypti larvae.
METHODS

Research Design
The type of this research is quasiexperimental with post-test only with control design. The extraction process of Bangle rhizome was carried out in the Laboratory of Organic Chemistry, Faculty of Mathematics and Natural Sciences, Jenderal Soedirman University. While larvacidal activity assay of Bangle rhizome to Ae. aegypti larvae was carried out on August 2017 at Entomology Laboratory, Banjarnegara Health Research and Development Unit.
Extraction of Bangle Rhizome
The extraction process of Bangle rhizome was carried out based on the maceration method. 16 In the maceration process, the simplicia powder of the rhizome of bangle was immersed in 96% ethanol with a ratio of powder and solvent (1: 5) as much as 500g of simplicia powder soaked with 2.5 liters of 96% ethanol. Furthermore, 96% of ethanol solvent replaced every 24 hours for 3 days, so that the chemical compounds contained in Z. montanum powder can be optimal. The yield value obtained is 8% of 500 g Bangle powder. Phytochemical tests were also conducted to test the ingredients of flavonoids, tannins, saponins, and alkaloids.
Experimental Design and Subject
The research subjects in this study were instar III of Ae. aegypti mosquito larvae. This study used six treatments (concentration), each treatment requires a sample of 25 mosquito larvae. This study using a control group which is 25 mosquito larvae without exposed to the extract. Determination of sample size based on a completely randomized design, with formula as follows :
(t-1)(n-1) ≥ 15 (6-1)(n-1) ≥ 15 5 (n-1) ≥ 15 n = 4 t = number of tested concentration n = number of repetitions Based on the formula, total repetitions carried out 4 times, therefore the total number of samples is (25 x 6) x 4 = 600 larvae of Ae. aegypti. Concentration of rhizome bangle extract which used in this study were 0% (control); 0.125%; 0.25%; 0.5%; 0.75%; 1%. Larvicidal bangle rhizome testing was carried out by exposing the rhizome bangle extract to Aedes sp. larvae and then observed and recorded the mortality of larvae for 24 hours.
Data Analysis
The data obtained in this study were the mortality data of Ae. aegypti mosquitoes, which were exposed to the Bangle Rhizome extract with observations for 24 hours. Furthermore, the test was carried out and a significant effect was obtained between the treatments given. We also calculated the percentage of mortality of tested larva by formulation:
% mortality of tested larvae = The analysis continued with the Least Significance Different (LSD) test. The probit test was carried out to determine the concentration of lethal concentration of 50 (LC50) and lethal concentration 90 (LC90)
RESULTS
In this study, 600 larvae of Ae. aegypti involved in this experiment. 25 of larvae in each group (1 control group and 5 treatment group) were prepared for the experiment, with 4 repetitions. The control group was left without any treatment, while the treatment group was being exposed to Bangle rhizome extract with concentration 0.125%; 0.25%; 0.5%; 0.75% and 1%. Mortality of Ae. aegypti after being exposed to Bangle rhizome extract was recorded in this study. Based on the results, the percentage of mortality Aedes sp. larvae increase following the increase of Bangle rhizome extract concentration. The highest mortality observed in the concentration of 1%. Details of mortality Ae. aegypti larvae after being exposed to Bangle Rhizome extract with various concentrations could be seen in Table 1 .
In the control group, there was an average mortality of 10% after 24 hours. While at a concentration of 0.125% there was an average mortality of 39%, at 0.25 at 92%, at 0.50% at 97%, at 0.75 at 99% and 100% at a concentration of 1%. Furthermore, a Kruskal Wallis test was conducted to compare the mean differences of more than two groups followed by the Mann Whitney test to compare the mean differences between groups.
Tabel 1. Mortality of Aedes aegypti Larvae After 24 Hours Exposed by Rhizome Bangle Extract
The Kruskal-Wallis test results showed a significant value of 0.002 (p <0.05). So there are at least 2 groups that have significant differences. Then to find out which groups have significant differences Mann-Whitney Post Hoc test was carried out (Table 2 ). Furthermore, the results were tested using Probit analysis with a 95% confidence level to obtain LC50 and LC90 values using the Minitab 17 (Table 3) . Based on the Probit analysis in Table 3 , an estimate of the concentration that resulted in the death of Ae. aegypti larvae by 50% were 0, 14% while the mortality of 90% larvae was obtained at a concentration of 0.33%.
DISCUSSION
In this study, we found that the Bangle Rhizome extract could act as a larvacide since mortality of Ae. aegypti larvae increasing following with the increase of concentration of the extract. The highest mortality of Ae. aegypti larvae reached on concentration 1% of Bangle rhizome extract. This extract is considered as an effective larvacide since it caused 100% mortality at 1% concentration. A concentration of natural insecticide is considered to have an effect if the mortality of tested larvae is 90-100%. It was observed that at a concentration of 1% ethanol extract the bangle rhizome was able to kill 100% of test larvae so that it could be said that rhizome bangle extract had an effect as larvacide on the instar III Ae. aegypti larvae.
This result could be proved the effectiveness of the phytochemical compound in Bangle rhizome which affected the mortality of mosquito. A flavonoid in Bangle rhizome extract could act as respiratory inhibitors and entered the insect's body through a siphon. The action mechanism of this compound caused wilt on the nerves and damaging the insect siphon. In consequences, the larval respiratory system becomes disturbed. 15 While tannins could act as stomach poisoning, normally tannins show systemic effects in insects and absorb through the epidermis. Several previous research also showed that tannin in plant extract could be used as larvacide. 17 While Saponins can reduce the surface tension of the mucous membrane digestive tract larvae so that the tract wall becomes corrosive. A review also explained the insecticidal activity of saponins is due to their interaction with cholesterol, causing a disturbance of the synthesis of ecdysteroids. These substances are also protease inhibitors or cytotoxic to certain insects. 18 Another phytochemical compound in the Bangle rhizome extract is an alkaloid which could act as stomach poisons and can degrade cell membranes caused cell damage. In addition, alkaloids also work by disrupting the larva's nervous system and inhibiting the action of the acetylcholinesterase enzyme. 19 The previous report showed mosquito larvicidal activity of alkaloids against Aedes albopictus. 20 The alkaloid in Zanthoxylum piperitum also showed larvacidal activity towards Culex pipiens pallens and Ae. aegypti. 19 Generally, the active toxic ingredients of plant extracts are secondary metabolites that are helping to protect them from herbivores. The mechanism of action of plant secondary metabolites on insect body could effect several physiological disruptions, such as inhibition of acetylcholinesterase (by essential oils), GABA-gated chloride channel (by thymol), sodium and potassium ion exchange disruption (by pyrethrin) and inhibition of cellular respiration (by rotenone). The most important activity is the inhibition of acetylcholinesterase activity (AChE) as it is a key enzyme responsible for terminating the nerve impulse transmission through the synaptic pathway. 21 In this study, the LC50 estimation through Probit analysis is at 0.14% bangle rhizome extract concentration, while the LC90 estimation results obtained at a concentration of 0.33%. Based on this research, it can be seen that the higher the concentration of rhizome bangle extract, it can increase the number of deaths of Ae. aegypti larvae. This is because of the greater the concentration of larvacides, the greater the amount of the content of the compounds in larvacides that can kill the tested larvae. This is due to the increasing number of chemicals that accumulate in the body of the Aedes sp. larvae.
The limitation of this study is that the researchers did not focus on a specific active compound in Z. montanum which capable of killing the larvae of Aedes aegypti mosquitoes. The active compound in Z. montanum which has the most effective ability at killing Ae. aegypti mosquito larvae is still unknown. Further research is needed to find out this information.
CONCLUSION
The results of this study showed the potency of the Bangle rhizome extract as a larvacide against Ae. aegypti larvae. There was a significant difference between the various concentrations of rhizome bangle extract to the mortality of Ae. aegypti mosquito larvae, except at concentrations of 0.25%, 0.50%, 0.075 and 1%. The Bangle rhizome extract has a larvacidal effect on instar III Ae. aegypti with LC50 at a concentration of 0.14% and LC90 at a concentration of 0.33%.
RECOMMENDATION
The following study should be carried out for testing each of the phytochemical compounds of Bangle rhizome extract (alkaloid, tannin, saponin, flavonoid) to find out the potency of each compound as a natural insecticide.
